Human beta(3)-adrenoreceptors couple to KvLQT1/MinK potassium channels in Xenopus oocytes via protein kinase C phosphorylation of the KvLQT1 protein.
Modulation of the slow component of the delayed rectifier potassium current (IKs) in heart critically affects cardiac arrhythmogenesis. Its current amplitude is regulated by the sympathetic nervous system. However, the signal transduction from the beta-adrenergic system to the KvLQT1/MinK (KCNQ1/KCNE1) potassium channel, which is the molecular correlate of the IKs current in human cardiomyocytes, is not sufficiently understood. In the human heart, three subtypes of beta-adrenergic receptors (beta(1-3)-ARs) have been identified. Only beta(1)- and beta(3)-ARs have been shown so far to be involved in the regulation of IKs. Special interest has been paid to the regulation of IKs by the beta(3)-AR because of its potential importance in congestive heart failure. In heart failure beta(1)-ARs are known to be down regulated while the density of beta(3)-ARs is increased. Unfortunately, studies on the modulation of IKs by beta(3)-AR revealed conflicting results. We investigated the functional role of protein kinase C (PKC) in the signal transduction cascade between beta3-adrenergic receptors and IKs by expressing heterologously its molecular components, the KvLQT1/MinK potassium channel, together with human beta(3)-AR in Xenopus oocytes. Membrane currents were measured with the double electrode voltage-clamp technique. Using activators and inhibitors of PKC we demonstrated that PKC is involved in this regulatory process. Experiments in which the putative C-terminal PKC-phosphorylation sites in the KvLQT1 protein were destroyed by site directed mutagenesis reduced the isoproterenol-induced current to 27+/-3,5% compared to control. These results indicate that the amplitude of KvLQT1/MinK current is mainly increased by PKC activation. Our results suggest that the regulation of the KvLQT1/MinK potassium channel via beta(3)-AR is substantially mediated by PKC phosphorylation of the KvLQT1 protein at its four C-terminal PKC phosphorylation sites.